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Fluorovinylethers and polymers obtainable therefrom 



the formula 



C 2 -C 6 linear 



(57) Fluorovinylethers having 
CFX=CXOCF 2 OR : wherein R is a ^2—6 ■ 
branched or C 5 -C 6 cyclic (per)fluoroalkyl group, or a C 2 - 
C 6 linear, branched (per)fluoro oxyalkyl group contain- 
ing from one to three oxygen atoms; when R is fluoro- 



alkyl or fluorooxyalkyi group as above def.ned : it can 
contain from 1 to 2 atoms, equal or different, selected 
from the following: H, CI, Br : I; X = F, H; and homopoly- 
mers or polymers obtainable polymerizing said fluorovi- 
nylethers with at least another poiymerizable monomer. 
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Description 

The present invention relates to fluoroviny.ethers, the process for preparing them and the po.ymers obtainable 



[0001] 



w 



15 



20 



25 



30 



35 



early wram.ora.thyl.™, vinylla.a. fluoride, chlerotnfluoroethylene (C FE) , Mxattao rap 

implies elastomeric oroperties at low temperature of ""°nnatec I rubbers^ plastome rs having good prop- 

Sat S S=T ^V^XZ^^ aT temperLes b y using on, y one tluor- 

■ [oTo4] ^iuch properties at ,ow temperatures can genera.-y be expressed ^J^^^^S^ 
0005 Furthermore the need was felt to have avai.ab.e amorphous ; or cry ^^^jHSnrt stability. A 
of COF end groups. A lower content of COF end groups ^ads to obta '"^^ j^ 9 ^ available elast omers 
,ower Tg allows to have polymers which can be used f ' 0W ^^ must have a 

mentioned properties. = iu>,i,,inv/iothPrs of the corresponding homopolymers 

[0007] USP 3.132,1 23 describes the preparation of perfluoroalkylv.nylethers : o th ee»r P a 

Tg is not reported. The general formula of the described vinylethers .s the fol.ow.ng. 



40 



c 



CF 2 =CFOR° F 
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50 



55 



,« *, is a periluoroalkyl ..die. pr.terahly lro.il , , 5 ^^^^T^Z^Z 
is described in USP 3.291.843 wherein the starting acylfluonde is saiified and py™ izea w 
Presence o? Solvents. By this process undesired hydrogenated by-products are obtained. 
[0008] USP 3,450,684 relates to vinylethers having the formula. 

CF 2 =CFO (CF 2 CFX°0) n .CF 2 CF 2 X° ( 

wherein x° - F CI CF- H and „■ can range from 1 to 20. Also homopolymers obtained by UV polymerization are 
™T h ; ^ifl^opcymers are L characterized b> ; their showing that the 
■ [0009] USP 3.635,926 re.ates to the emulsion copolymenza n o perfluo ^ already 9 reported 
presence of -COF acylfluoride end groups makes the polymers unstable, i ne same p 

in USP 3.085,083 in the perfluorovinylether polymerization systems ,n solver, t he formula 

[0010] USP 3,817,960 relates to the preparation and polymerization of perfluorovinylethers having 

CF 3 0 (CF 2 0) n .CF 2 CF 2 OCF=CF 2 

£ .ILy. N. .... on the aOove indioated ptoperties ~^£^Z££Z£ - Lrapta », 
(0011] USP 3,896.179 relates to the separaridh at primary rsomers 01 pertua, J 
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[0012] USP 4 : 340,750 relates to the preparation of perlluorovinylethers having the formula 

CF 2 =CFOCF 2 R° f X 1 

« vi u ri Rr P POOR 0 CON R°R' wherein R° is. 
„„e,.in B», : a C,.C M pert.uo.oa.Ky! op*.na,„ ^j^SL compos an ^» 



15 



20 



25 



the formula: 



30 



35 



-0 



CF 2 =CF (OCF 2 CFY°) n °OX 2 



. vo c ri pf H X2 can be C,-C~ perfluoroalkyl group, C,-C 3 w-hydroperfluoroalkyl 
wherein n° ranges from 1 to 4: Y0=F. CI, CF3, H, X can be ^ o p ' » jts ing from 1 5 to 50% 

group, Cl -C 3 W -ch,oroperf>uoroa>ky, group. The »^^^ r than those of the above 

by moles. These viny.ethers give copolymers wfuch at low ^P 6 ^" JJ^J the patent it is disclosed that in order 
Mentioned perfiuorovinylethers PVE (pert '-roprop^ny.et J^MVEt*. . the p. ^ ^ ^ ^ 

to have good properties at low temperat ure th ° 0 values higher th an 4 it is difficult to purify the 
double bond is required. Furthermore from the patent ,t resute that for n a 9 descrlbed vin ylethers 

monomers and the effect on the decrease of the polymer T « taw. J^J' ^Tgive good elastomeric properties. 
js very low and it is difficult to obtain PO'V?^ However the polymer 

A TFE/perfluorovinylether copolymer (n°=2) 73/27 /„ Dy moies wiui y 

is obtained 6with very .ong reaction times (96 hours ^^ Z _T^_ er|zalion which leads to amorphous perfluor- 
[0014] EP 130,052 describes the va.ues reaching up to -76«C; the 

^"IJX^X ^rp^uo^oiyethers as p.LLers. ,„ the patent copolymers and terpolymers 
of TFE and MVE with vinylethers (PVPE) having the formula 



o 



CF 2 =CFO (CF 2 CF (CF 3 ) 0)„..R , 



used vinylethers are vinylether mixtures wrth different n ^ es ™ *™£ [ l v Accor dingtothe polymerization 
the T g decrease is shown when „- is ea.ua, to treatment, must 

examples described in said patent the f.nal mass of , pV p E) From the Examples it results 

then be washed with freon® TF in order to remove all the unreacted monomer ,PVI E). 

that the reactivity of all the described monomers (PVPE) » f| UO rovinylether synthesis. According 

x. . Af fft rm ilia- 



preparation fluoroepoxides of formula 

X 3 CF 2 -Cr- 



O 



pOItT USP 4 3 619% B ^ a e^b e e S the copo.ymenzation of VDF with vinylethers having the formula: 

CF 2 =CFOX 4 

wherein X* is a C 3 -C 9 oxyperf.uoroalky, radical containing from 1 to 3 oxygen atoms. The obtained po.ymers are not 
P erfluorinated polymers and show a poor stability to 'alcohols. (pvpE) sjmi , ar t0 those of USP 

[0017] USP 4,766,190 re.ates to the polymenzat.on of perfluorov "^^ e ™ propertjes of the ob- 

4 487 903 with TFE and low perfiuoropropene percentages, in order to increase the mechanica p 
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20 



25 



30 



00181 755 relates to the preparation of perfluorinated copo.ymers by using direct fluonnation of partly 

^JcJ^tii Partia.1V fluorinated monomers are used, the ^J^^^i 
w^th elemental fluorine. The fluorination step requires a supplementary process umt, bes.des ,n this step etementaj 
5 fluorine is used, which is a high,y oxidizing gas. with the consequent 

patent it is stated that in order not to compromise the fluonnation reaction and the P r °P e ^ s °< * 1 ^ P 
using the invention process the percentage of the comonomer in the polymer cannot exceed 5 /o by mo es 

ISSTSp 5.350.497 rela.es .0 me prep.ra.or, o, p^uvottyMnyM™ by fluorina.ion with omental l.oorine 
of hydrofluorochloroethers and subsequent dechlorination. 
is [0021] USP 5,401 .81 8 relates to the prepartion of perfluorovinylethers of formula: 

R 1 , (OCF 2 CF 2 CF 2 ) m , -OCF=CF 2 

(wherein Ri, is a Cl -C 3 perfluoroalky. radica. and rrV is an integer ranging from 1 to 4) ^^T^^^j C 
mei having improvedproperties at low temperature. The preparation of ^J^^^^^ V ~ 
steps. some of them have very low yields, and comprise also a fluonnation with elementai F 2 . The react.vity 

SETSE is shown f romTe aTove prior art. the perf.uorovinylether synthesis generafly involves a 

1 yields (USP 3,132,23. USP 3,450.684), with additional purifications ; tc , remove ^ 
i aqfi 17^ and the need to control the undesired hydrogenated by-products (USP 3,291,843). Aiternauve.y, i 
synthes* Ibstances aclg as intermed.ates. which are suitably prepared, and which allow to eliminate said drawbacks 

Lily fluorinated intermediates (USP 5,350,497); or, to avoid synthesis and low reactivity problems of the perfluorov, 

-5 reactants in order to increase the stability of the fluorinated polymer (EP 1 78.935). ^ mnara u 1KMS 

[0025] Perorooxyalkyivinylethers are used to confer to the fluorinated rubbers good propert.es at low temperatures, 

pond ng ^abfe amorous copolymers decreases, but at the same time ^^^^ n 2TSS he C 
,o creases 9 making more evident the P^^**^ f p ^oS som ^S — 
polymerization products or from the polymer itself (USP 4,487,903 - cP „ wjth f|uor . 

cannot be comp.etely removed by simple stripping under vacuum, more washings must then be earned 
inated solvents for completely eliminating the unreacted vinylethers from the polymeric nm 

[0027, The pemuoromethylvinylether (MVE) is used as !^™ r ^^J^*^ is polymerized 
.5 concentrations, also in elastomeric fluoropolymers. In particular ,n EP 633 257 and EP 633*74 M b P 
with TFE in the presence of small amounts of PVE or dioxo.es to obtain polymers with improved , ex Urn 
[0028] The amorphous copolymers of TFE with perfluoromethylviny.ether have a T a round I » C orj .gltfy low r 
(Maskornik, M. et al. "ECD-006 Fluoroelastomer - A high performance engmeenng material . Soc. Plast Eng. lecn. 

so [0029] 9 Mr, eclated value of the MVE homopolymer is of about -5»C (J. Macromol. Sci.-Phys.. B1 (4), 815-830, 

roraoi 9f ?n USP 5 296 61 7 and 5 235.074 there is described the hypofl U - rite CF 2 (OF) 2 reactivity towards ""saturated 
r du ts which^em^o. 

of the olefin itself. In EP 633,1 81 there is described the CF 2 (OF) 2 reactivity toward •<^*££wi for the p^ep- 
55 of linear reaction compounds between one hypcfluorite molecule and two molecules of the same olefin, p P 

to^rv^ 

as described hereinafter, by using special fluoroviny.ethers, which are furthermore easily synthet.zable and obtainable 
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by a continuous process. 

[0032] An object of the present invention are fluorovinylethers of general formula: 

CFX=CXOCF 2 OR 



15 



20 



25 



30 



JO 



(I) 



wherein R is a C 2 -C 6 linear branched or C 5 -C 5 cyclic ( P er)fluoroalkyl group, or a C 2 -C 6 linear, oranched (PeOfluoro 
oxyalkyi group containing from one to three oxygen atoms; when R is a fluoroalkyi or fluorooxyalkyi group > as above 
defined it can contain from 1 to 2 atoms, equal to or different from each other selected from the following: H, CI, Br I. 



10 x = F, H. 

[0033] The fluorovinylethers of general formula: 



50 



(II) 



CFX=CXOCF 2 OCF 2 CF 2 Y 

wherein Y = F. OCF 3 ; X as above defined.- are preferred among the compounds of formula (I). 
[0034] The perfluorovinylethers of formula: 

CF 2 =CFOCF 2 OCF 2 CF 2 Y 

wherein Y is as above defined, are furtherly preferred. For example the perfluorovinylether having the formula: 

CF 2 =CFOCF 2 OCF 2 CF 3 ( IV) 

can be mentioned. ... _ orN _ t 

[0035] Surprisingly, the vinylethers according to the invention show the advantages reported here.nafter with respect 

to the known vinylethers. „;„„ 

[0036] The obtainable advantages can be attributed to the -OCF 2 0- unit directly bound to the ethylene unsaturation 
[0037] The Tg lowering obtained with the vinylethers of the invention is connected to the presence of the (-OGh 2 u-) 
unit directly bound to the unsaturation. The Tg lowering is surprisingly so evident to oe defined a primary effect. 
[0038] In fact if the vinylether of the invention with two oxygen atoms is used: 

CF 2 =CF-0-CF 2 -0-CF 2 CF 3 (MOVE 1) 

the Tg lowering is clearly higher with respect to the PVE 

CF 2 =CF-0-CF 2 CF 2 CF 3 (PVE) 

and to the v.nyiether having the same formula, but with the second oxygen atom in a different position and without 
showing the characteristic unit (-OCF 2 0-) 

CF 2 =CF-0-CF 2 CF 2 -0-CF 3 (p-PDE) 

It is surprising to notice that with respect to MVE 

CF 2 =CF-OCF 3 

the B-PDE vinylether does not give any advantage as regards Tg. 
55 [0039] On the contrary the pnmary effect of the (-OCF 2 0-) unit results very clear with the vinylethers of the invention 

[0040] E) Besides it has surprisingly been found that the (-OCF 2 0-) unit bound to the ethylene unsaturation of the 
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*. 

vinylethers of the invention increases the vinylether reactivity drastically reducing the rearrangements to COF which 
cause instability. 

[0041] The advantages of the polymers of the invention can be summarized as follows: 

5 - The reactivity of the new monomers allows to prepare copolymers having a high MW (molecular weight) with a 
very low content of carboxylic groups or derivatives thereof such as -C(0)F, -COO-. The carboxyiic group content 
in the copolymer with TFE has resulted of about 1 0 times lower than that of a copolymer prepared under the same 
conditions but using perfluoropropylvinylether (PVE) instead of fiuorovinylethers (see the Examples).. As said, the 
presence of a lower content of carboxylic groups, or of the corresponding derivatives (amides : esters, etc.) allows 

w to obtain more stable polymers. 

- The reactivity of the monomers of the invention is surprisingly high (see the homopolymerization Examples). 

. The fiuorovinylethers of the invention can be used as comonomers both in plastomeric (per)fluoropolymers (con-, 
taining crystalline domains) and in elastomeric (per)fluoropolymers. To obtain plastomeric polymers the amount 
of the vinylether of the invention must be such to lead to the formation of crystalline domains, generally < 1 0% by 
15 moles. To obtain amorphous polymers the amount of the vinylether of the invention must be such to lead to the 

disappearance of the crystalline domains. The skilled man in the art can easily find the amount of the vinylether 
of the invention which is required for obtaining said results. 

Generally the amount of the vinylether for obtaining amorphous polymers is higher than 1 0% by moles, preferably 
in the range from about 1 5 to 20% by moles : or higher. In the case of copolymers having a high content of vinylether 
20 monomer, the properties at low temperature (T g ) of the polymers of the invention result clearly better with respect , 

both to copolymers having the same MVE content (see the Examples) and also : surprisingly, with respect to co- 
polymers where the perfluorovinyiether, the oxygen atoms being equal dpes not show the -OCF 2 0- group directly 
bound to the unsaturation : as in the case of the CF 2 =CFOCF 2 CF 2 OCF 3 0-PDE) (see the Examples). 

- Their use in the polymerization reactions with fluoroolefins allows to substantially and contemporaneously reduce 
25 two important disadvantages of the prior art: the recovery of the unreacted vinylether and the polymer instability 

due to the presence of carboxylic end groups. 

- A further advantage of the fiuorovinylethers of the invention, as hereinafter illustrated., consists in that their prep- 
aration is carried out in a continuous plant by a limited number of steps. Furthermore the used raw materials are 
cheap. The following ones can for example be mentioned: 



30 



CF 2 (OF) 2 , CF 2 =CF 2 , CF 2 =CFOCF 3 , CHCI=CFCI, CFCl=CFCI : 
CF 2 =CFCl, CF 2 =CFH. CF 2 =CH 2: CHCl=CHCi and other olefins. 

[0042] The use of these reactants is specified in the synthesis process of the vinylethers of the invention. 
35 [0043] Polymers, homopolymers. copolymers are obtainable by polymerizing the fiuorovinylethers of general formula 
(I) - (IV) with at least another monomer. 

[0044] With copolymer a polymer containing the vinylether of the invention and one or more comonomers : is meant. 
[0045] With comonomers : fluorinated compounds having at least one polymerizable double bond C=C ; optionally 
containing hydrogen and/or chlorine and/or bromine and/or iodine and/or oxygen., are preferably meant. 
JO [0046] Optional comonomers which can be copolymerized are non fluorinated C 2 -C 8 olefins : such as ethylene, pro- 
pylene, isobutylene. 

[0047] Among the usable comonomers the following can be mentioned: 

- C 2 -C 8 perfluoroolefins. such as tetrafluoroethylene (TFE). hexafluoropropene (HFP). hexafluoroisobutene; 

-5 - C 2 -C 8 hydrogenated fluoroolefins, such as vinyl fluoride (VF). vinylidene fluoride (VDF), trifluoroethyiene, CH 2 =CH- 
R2 f perfluoroalkylethylenes. wherein R 2 f is a C r C 6 perfluoroalkyi; 

- C 2 -C 8 chloro- and/or bromo- and/or iodo-fluoroolefins : such as chlorotrifluoroethylene (CTFE) and bromotnfluor- 
oethylene; 

- CF 2 =CFOR 2 f (per)fluoroalkylvinylethers (PAVE), wherin R 2 f is a C r C 6 (per)fluoroalkyl, for example trifluoromethyl, 
50 bromodifluoromethyl or heptafluoropropyl; 

- CF 2 =CFOX a (per)fluoro-oxyalkylvinylethers, wherein X a is: a C r C 12 alkyl, or a C r C n2 oxyalkyl, or a C n -C 12 (per) 
fluoroox-alkyl having one or more ether groups, for example pertiuoro-2-propoxy-propyl. - suiphonic monomers 
having the structure CF 2 =CFOXt>S0 2 F : wherein X* = CF 2 CF 2: CF 2 CF 2 CF 2 , CF 2 CF(CF 2 X<=) wherein X' = F. CI, Br. 

55 [0048] The process for preparing fluorinated polymers according to the present invention can be carried out by po- 
lymerization in organic solvent as described in USP 4,864.006 and 5,182,342, herein incorporated by reference. The 
organic solvent is selected from the group comprising chlorofluorocarbons. perfluoropolyethers, hydrofluorocarbons 
and hydrofluoroethers. 
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[0049, The o.ooeea ,0, prepay m powers ., the ptes eh, lhv.h«p ; - can he * ^r^he 
Uhueeohu"*^ 

t m.tal S :or 9 t m ieperexidea(to.ex a rhple,d^^^^ use 0 or 

phinic acid. . ..eiiaiiv nresent amonq which the fluorinated 

[0050] in the reaction medium also surfactants of various type are usually present, amo g 

10 surfactants of formula: 



R 3 r X" iVf 



0053 The eros* k h,g p.oeees 0. the emorphoua '^, a JZ^^Z^^«^ « u ° rtd ' 
So well khowo methods in th. poor ah. Wh.h, ,0, ^^J-^SS. («J«nt.) as 
curiog can be carried out win. polyamm.s or arcmabc polyols ,0 hi • P™""" » > ' us . s me adaillon iri 

whJcoh.phsesu.er.™ 

genation or dehydrohalogenation leads to the new perfluorov.nylethers. 
35 The general scheme of the synthesis is the following: 

a) CF 2 (OF) 2 + R 1 R 2 C=CR 3 R i -» F-CR^^R.-OCF^F ^ 
b )F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF + R 5 R 6 C 2 =C 1 R 7 R 9 - F-CR 1 R 2 -CR 3 R,-OCF 2 0-C 2 R 5 R s -C 1 R 7 R 8 -F 
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45 



50 



55 



(VII) 

dehalogen . / 

C ?-Cn i R^CR,R,-OCF 2 0-C^ 5 R 6 -C i R^-F - - - - — . 

CFX=CXOCF 2 OR (I) 

In this synthesis scheme: 

- with reference to the formula of the compound (VII) : 

the two substituents R 2: R 3 is H ana the other is CI, 
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R 5: R 6 . R 7. R s are 



, 0, one - - is . CO, 0, ^^^^^^^^ 

• ;=Zo B «^ 

and one or two of the remainder., equal to o _*«*J n ^° WQ , h are 5oth lin ked to the same carbon 
when the substituents selected from H, CI Br, Iodine ^ Wo. y a c 5 -C 6 cycle fluoroa.kyl 

mea ni„ 9 s rttfinetl lor ,he subslitoenfs of the R,-R. ,9 ^^J -|W R f ll,»dRHl.*."2 
eaoh other, with the proviso Mil. posho i of aeh raao.1 of ,ao ^ ^ f ^ synm . s , s latts 

/on euitablv diluted with 

, 0055l ,„ the first reeohop a, o, ,h. ahov, S 2£ <» — * * ( 
.„ inert .laid. oom.s into ccnract. in a .ramble reaoo ^ outlet • « „ loma m ol .he V. 

r,Xetr,r^^^^^ - me 0,e,i " r8ao " vay ' ,ne 

temperature and the presence of optional reaction solvents. ferabl from . 80 ° to -130'C. 

fed into the second reactor. C -CR 7 R S pure or in solution, reacts with the product obtamea 

[0059] in the second reaction b) the second o.e .n R 5 R s C-CR 7 R s P 

^O^^fhfcorn^ hi g h J.ban 3 M .ore pref.rabi, also the pom on.- 

pound can be used. nP rfluonnated or chlorohydrofluorinated solvents or hydrofluorocar- 

[0061] The solvents used in steps a) and b) are perfluor mated " c f 3 cCI 2 H, CF 3 CF 2 CI. 

Lone. Examples of sa,d solvents ^^J^^^^Sjin steps'a) and b). after distillat.on from the 
in the reaction c) the compound (VII). dependency on the olef ns vinyle thers of formula (I) Th s 

reaction product, is sub.ec.ed to ^^^^^L art. The suitable selection of the substuuents 

ation or dehydrohalogenation step, to ootam compounds of genera 

F-CR A , R A 2 -CR A 3 R A ,-OCF 2 Q-CR A 5 R A 6 -CR A 7 R* 

Pr -he E«anrp,.s th. rh.mrogravimetric anarysi, TGA „ carrier, opt b, os,n 9 , ra,.. 
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EXAMPLE 1 

S^nthesisj^^^ 

[0065] The used reactoris of cynical type, wit, a ~e o^OO .and is 

Lchanical stirrer, turbine with recycle of the ^^jjj^ ^ m Tom the turbine, and product outlet from 
two internal copper pipes for the reactant feedmg wh.ch end at a ^ u ^ ^ ™ 4 . c 1 l/n (lil res/hour) of CF 2 (OF) 2 

aides in the reactor and the inter o( Ore discharge pipe » of about 4 sec. gasedus mixture now. 

K" on the readtdr Ppnpm the raapripn prodoets am brought ,g ram» . nd »> g ^ ^ 

Loitered by gaadhrpntatpgrapny. ia iad in a ppngnoppa ^^^SSlS^r. me-rhocdopia. dipping Wat 

A. -nd d- tna add« a, .aadtidg gases ~ ™ * " ' 

^.^.^ation of orfluoro 1 2 Hirhinro-S.S-dioxaheptane. 
[0070] Boiling point at atmospheric pressure: 91'C. 

mO C 7 F 1] °Mass soectrum (E.I. electronic impact), main peaks and respective intensities: 
69 (48 6%) ; 119 (84.3%); 151 (76.8%); 153 (69.8%); 185 (100%). 
30 [00721 IR spectrum (cm" 1 ) intensity : (w) =weak, (m) =med.um, 



(s)=strong, (vs)=very strong: 

1407.3 (w) : 1235.8 (vs); 1177.7 (vs);929.3 (w); 847.9 (m). 1032.2 (s), 
EXAMPLE 2 

[0073] in a reactor identical to that used in Example 1 ^^^^^ ^ f.4 * of 
,o CF 2 (OF) 2 and 4.5 l/h of He are introduced through one of the two inlet p.pes. g 

S55f Sr.,. r. r :.na B p: rS gaa in rhe reaction dan. cooopns.d b.rween « raadtdr dd„a, and ma 

of dichlorofluoroethylene CFCI=CFCi. cor . nnri -sctor the reaction raw material is distilled 

[0076] At the end of the addition of the * two isomers, respectively, isomer 

by a plate column at the reduced pressure of 250 mmHg. 50 g , o a ^m.x u 5 7 . trjoxa . 6 . met hyloctane are col- 

50 A) perfluoro-1 ,2-dichloro-3,5 ; 8-trioxanon a ne and isomer B) P«^°™ 1^2 _d.chK) ^ 7g% Q 

,ecL. The mixture composition is determined by a^^Kw The mo la yield'of A+B with respect to the 
21%. The molar yield of A+B with respect to the ^ °F^ 8 * 38 ^TJe gaschroma tography. 
used perfluoromethylvinylether is 42%. The isomers have been separated oy p . 

55 Characterization of pro ducts A and B 

•■■ , 7qo/ a oio/\ at .he reduced pressure of 250 mmHg: 82°C. 

r0077] Mixture boiling point (A 79 /o, S 21 /o) at me h ic „_ pr A . 

[0078] i»F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer A. 
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-50.6,-52.4 (2F, O-CF 2 -0); -70.0,-71 .8 (2F. C-CF 2 C.) ; -77.7 (1 F. O-CFC.-C); -55.3/-5S.6 (3F, CF 3 -OC); -90.7/-91 , (2F 
C-OCF 2 -C):- 90.2/-90.6 (2R C-OC-CF 2 OCOC). 

OC(CF,)0): -100.3/-101.0 (IF. OCF(C)O). 

[00801 Mass spectrum (electronic impact) main peaks and respective intensities. 
Product A: 

69 (50); 119 (100); 151 (50): 185 (42); 251 (38); 
Product B: 

69 (96); 97 (50); 135 (42); 151 (92); 185 (100). 

[0081] IR spectrum (cnv 1 ), intensity of the mixture A 79% : B 21%: 
(w)=weak. (m)=medium : (s)=strong ; (vs)=very strong: 

1388 (w) ;' 1288 (vs) ; 1233 (vs); 1151 (vs); 1104 (vs) :846 (m) ; 1032 (s) ; 68o (w). 
EXAMPLE 3 

end of the two feeding pipes is of about 3 sec. t-m^rature and the qaseous mixture flow, 

[0084] On the reactor bottom the reaction products are brought to room .temp ature and the g 
monitored by gaschromatography, is fed in a continuous way, under mechamca I st. nng^n ° ^econcn 
to the one used for the same step in Example 1 . Inside, the temperature ,s of -70 C and there g 

o roethylene CCIH=CCIH and 50 g of CFCI 3 . distillation of the solvent at room 

[0085] At the end of the addition of the reacting gases into the second reactor after d st.llat, on^ 
pressure, the reaction raw material is distilled by a plate column at ^^^^^^^^Jr^ 
mixture of the desired products (isomer C 73, isomer 

molar yield of C+D with respect to the used CF 2 (OF) 2 is 33 /o. I ne isomers nave 
35 chromatography. 

Characterization of products C and D 

[0086] Mixture boi.ing point (C 78%. D ^^ x ^^^^^^ ,2-dichloro-t ,2-dihydro- 
[0087] 19 F-NMR spectrum in p. p.m. (with respect to CFU 3 - uj 01 me i&umei ^ H 

^S^F^,; -143.2/^6.0 (1F C-CHFCI): -55.8 (3F, CF,OC): -91.0/-91 .4 (2F, C-OCF 2 -C); -90.3/-90.5 
[0088] O ^F- F NMR < spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer D pertluoro-1 .2-dich,oro-1 ,2-dihydro- 
S^S^SW- 143-2M46.0 (1F, C-CHFCI) ; -54.9/-55.1 (3F, CF 3 -OC); -8S.2/-86.3 (3F OC(CF 3 )0): 

-100.5/-101.0 (1F, OCF(C)O). H . CHFC 1V 6 02/5.95 (1H 

[0089] 1 H spectrum in p.p.m. (with respect to TMS ) of the isomers C and D. 6.28/6.05 (1 H CHFC 1): b. 

CHGI-) 

so [0090] Mass spectrum (electronic impact), main peaks and respective intensities %: 
69 (84V 119 (100): 185 (51.1): 251 (84); 281 (15.8): 283 (4.8); 347 (5.7); 349 (1.7). 

[0091] IR spectrum (cm-) intensity : (w)=wea k , (m)=medium, %fW.g^^ ?66 3 } 

3001 0(w)-2920.9(w):2850.9(w);1286.3(vs);1233.7(vs):1125.5(vs);1081.8(s),1047.9(s),815.9(m),/ 
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EXAMPLE 4 

Dehalogenation of perfluoro 1 .2-dichloro-3,5-dioxahep tane 

mnM , . a « _, three necked f | ask eauipped with mechanical stirrer, thermometer, dropping funnel, distillation 

1-heptene (MOVE 1) is disconnected. 
[0093] The dehalogenation yield is 85%. 

Characterization of perfluoro-3.5-dioxa-l -heptene (MOVE 1) 
[0094] Boiling point at atmospheric pressure: 41 .9°C. 

r00961 Mass spectrum (electronic impact) , main peaks and respective intensities: 

69 (66.5%): 119 (100%); 147 (83.4%); 185 (89.4%): 216 (67.3%); 282 (8.2%). 

[0097] IR spectrum (crn^) intensity: (w)=weak, (m) =medium, (s)=strong, (vs)=very strong. 

1839.5 (m); 1407.6 (w); 1307.4 (vs); 1245.8 (vs); 1117.4 (vs); 907.2 (m): 846.0 (m). 

EXAMPLE 5 

n.halooenation of the ugmer mixtu.e A,B obtained in Example 2 (perflnoro-l ? -^h,oro-3.5 S^rioxanonane 
nF 3 nf ? F„CF.C F.OCFCICF,CI j oerfluoro-1 ,2-di c hloro-3.5,7-trioxa-6-methyloctane ^F,OCF(CF 3l 
OCFoOCFCICFpCI). 

[00981 in a 250 ml flask equipped as described in the previous Example 4. 110 ml of DMF, 10 g of Zn in powder and 

3 m of Br 2 adduced The interna, temperature is brought to 75«C and 30.3 g of the 
in the previous Example 2 are added drop by drop. When the addition is over the m.xture ^ to ™ for ^ 
3 hours. At the end the interna, pressure is gradually lowered from 760 mmHg to At 
minutes the collecting trap is disconnected. The corresponding content, wh.ch ls ^ asned rf| ^^ W 3 a ^ JoH^nene 
the end 24.0 g of a m.xture formed for 79% (gaschromatographic determ.nat.on) by perf.uo 

nTovf 21 CF OC«=,CF,OCF,OCF=CF, (isomer A') and for 21% by perfluoro-3,5.7-tnoxa-6,methyl-1 octene (MOVb 
l ™£jxFw£^™F* (isomer B') are obtained, which are then separated by preparative gaschromatog- 
raphy. 

Characterization of products A' and B' 

[0099] Boiling range of the isomer mixture at atmospheric pressure: 72.5°-74.5°C. 

[0100] 19 F-NMR spectrum in p. p.m. (with respect to CFCI 3 =0) of the isomer A': nc-C-FV-121 8 (1F 

-55.9 (3F, CF 3 -0) ; -56.9 (2F, 0-CF 2 -0) ; -90.8 (2F, C-CF 2 -0); -91.2 (2F 0-CF 2 -C); -114 (1F O-C-C F), 121.8 (IK 
-0-C=CF); -137 (1 F, 0-CF=C) 

[0101] 19F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer ^ 0 -C=CFV 
-55.9 (3F, CF 3 -0) ; -56.2 (2F, 0-CF 2 -0) : -86.4 (3F, CF 3 -C) ; -100.9 (1F, CF; -114 (1F, 0-C=C-F), -122 (1F, O C O ). 

[01021 F ' MaSpectrum (electronic impact), main peaks and respective intensities of the isomer A' : 
69 (74): 81 (18): 119 (100); 147 (59); 185 (26); 251 (21); 

[01031 Mass spectrum (electronic impact), main peaks and respective .ntensit.es of the isome, B . 

81 (37): 69 (80); 97 (47); 119 (36): 147 (100): 185 (19). 

[01041 IR spectrum (cm- 1 ), intensity: (w) =weak, (m) =medium, 

(s)=strong, (vs)=very strong, 1839 (m); 1343 (s); 1248 (vs); 1145 (vs); 913 (m): 889 (m). 
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EXAMPLE 6 

1 ,2-dichloro-l ,2-dihvdro-3.5.8-irioxanonane (is o mer CU CF,OCF(CFJOCr 9 OCnCiem-u pemuo , 

1 2-dihydro-3.5,7-trioxa-6-rnethyloctane (isomer D)). 

[01 05] in a 500 m, three-necked flask, equipped with mechanic* stirrer, thermometer « distillation 

column having a water refrigerant and a collecting trap maintained at the temperature of -78 C. 250 ml of DMF. g 
of zinc in powder and 300 mg of l 2 are introduced. . , - added drop 

[01 06] The temperature is brought to 1 00'C and 56.9 g of the isomer mixture obta.ned ,n Example 3 are added drop 

rai On When the addition is over the reactor internal temperature is brought to 1 20«C and stirring is maintained fo 

24 hIL M ft. end the reaction product, which contains traces of solvent and which is collected ,n the trap maintained 

It 78-C.' is disced. After washing with water 35 g of a mixture of perf.uoro-1 ,2-dih ydro-3-5 

C, 79% by moles) and of perfluoro-1 ,2-dihydro-3-5-7-trioxa-5-methyl-l-octene (.somer D , 21 /„ by moles) are 

ered. The isomers are separated by preparative gaschromatography. 

[0108] The dehaloagenation reaction yield is 76%. 

Characterization of products C and D' 

[0109] Boiling range of the mixture of isomers C 79%. D" 21% at atmospheric pressure: ™ 

[0110] 19F-NMR spectrum in p.p.m. (with respect to CFCI 3 =0) of the isomer C perfluoro-1 ,2-d.hydro-3,5.8 tnoxa 

SsTfsTcF -OV -57 3 (2F 0-CF 2 -0): -90.9 (2F. C-CF 2 -0); -91.2 (2F. 0-CF 2 -C); -149.3/-150.0 (1 F, 0-C=C-F) 
[OiUS -F-NMR spectrum I p.pV (with respect to CFC, 3 =0) of the isomer D' perf.uoro-1 .2-dihydro-3.5.7-tr,oxa- 

6 5 roTcF C 3 te o n ) e: -56.9 (2F. 0-CF 2 -0); -86.2 (3F, CF 3 -C, -101.0 (,F. CF). -149.3,-150.0 (1F. 0-C=C-F) 
[0112] Mass spectrum (electronic impact), main peaks and respective intensities A: 

^ V R 9 SS KK-l (C ™. 0 2 1% ) : ( w) =weak, (m) =medium, (s) =strong, 



t 



3140 = (w^ fSw) ; 1695 (w) ; 1402 (m) ;. 1281 (vs), 1237 (vs); 1147 (vs) ;1106 (vs) ; 1030 (m). 
EXAMPLE 7 

Homopolymerizaticn of perfluoro-3,5-dioxa-1 -he ptene (MOVE 1) 

[0114] in a glass reactor for polymerizations, having a 20 ml volume. «^^™^J^%££^ 
n.et for the reactant feeding and discharge, 60 u.l of perfluoropropionyiperoxide at 3% by weight m CFC^CF a and 3 
g of MOVE 1 are in sequence introduced. The so charged reactor is brought to the temperature of -1 96 tC evacuated^ 
brought to room temperature, the all twice. At the end of the degassing operations the rea ctor * * e 
temperature of 3CC and the mixture is allowed to react under these conditions for two days under ^magnehc stirnng^ 
[01 15] The reaction raw material which is finally recovered appears as a slightly viscous, transparent, colourless and 

drifter 3 delation of the unreacted monomer, and subsequent stripping under vacuum at 1 50°C for 3 hours, 

Joi^] 9 "££Z^<Z£SL* polymer shows that, in the spectrum, absorption bands in the zone of the 

out on the polymer dissolved in C S F 6 is in accordance wrth the = p 0 ,y m er 
structure having a molecular weight of 50,000. The analysis does not show the presence of unreacted — • 
[0119] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorpho s. The 
polymer T g , determined by DSC, is -35.4'C. The thermogravimetric analysis (TGA) shows a weight loss of 2 /, at 332 C 
and of 10% at 383°C. 
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EXAMPLE 8 

Coeoj ^er^ perfluoro-3 5 8,rioxa, -nonene ^22^^^ ^^Sl^o^ 
3 5 7-trioxa-6. meth vl-1 -octene CF -,OCRCF3 )OCF,0-CF = CF ? (MOVZ2a)- 

oxide at 3% by we.ght in CFCI 2 CF 2 CI and 3.d g oi a * " ^ ^ then evacuated cooled, and the subsequent 
containing 83% MOVE 2 and 1 7% MOVE 2a, are introduced. The reactor .s then evacuated, coo 

reaction carried out as described in the previous Example 7. colourless and homogeneous solution. 

[0121] The reaction raw materia, appears as a slightly viscous, transparent coiour ess^and o g 
The monomers which have no, reacted are distilled and a stripping under vacuum at 1 50 C for 

^^^X^^^ absorption bands in the zone of the fluorinated double 

[0123] ar The ^F-N M R analysis is in accordance with the copolymer ^^^^^^ 
35 000 and a MOVE 2/MOVE 2a content equal to the percentages of the reacting mixture. 

DSO graph does not show any melting endothermic where^ . the 

polymer T g . determined by DSC, is -52.6°C. The thermograv,metr,c analysis (TGA) shows a weight 



and of 10% at 327°C. 



EXAMPLE 9 

Crystalline copolymer between MOVE 1 and TFE. 

[0125] A 5 I stee, A.S, 316 autoclave with stirrer working at 650 rpm ^^^^^^^^Z 
effected. 3 1 of demineralized water, 1 5.70 g of MOVE 1 and the m 1 croemuls,on p epared f*£™ X ££P water 
described in USP 4,864,006 are in sequence introduced, so as to have a c— °^ ^^S^, a molar 
[01 26] The autoclave is heated up to 75«C and then 0.32 bar of absolute bar. 

Lo of 54.55 TFE/MOVE 1 is pumped by a compressor until h -'^ 

[0127] The composition of the gaseous mixture present ,n *e autodavjtep «^JJ percentages of 

cisi?%^^ r n 9 ,n a — s way 

by a me ering pump a potassium persulphate 0.0031 molar solution at a flow ^ 
[0129] The pressure is maintained constant by feeding the monomer m,xture. i he polymer synthesis PP 

742 o of mixture have been fed in total. rnaoulation is induced by 

[0130] The reactor is cooled at room temperature, the emulsion ,s discharged and the coagulation 

HN0 3 (65%) addition. 

[0131] The polymer is separated, washed with water and dried at 220 C. 

[0132 The IR analysis shows the presence of very small absorption bands ^ preoared according 

LJs to be ha, of the one obtained from a TFBPVEjyg. f^vjnj £ .ame * -K"^^ ^ J 
to the comparative Example 3. MFI according to ASTMD .238-52T was 4.4. I ne po.y 
more stable (see the comparative Example hereunder). 

EXAMPLE 10 

Amorphous copolymer between MOVE 1 and TFE. 

again, the all twice. tomnorature of 30°C and the reaction 

[0135] At the end of the degassing operations the reactor >s thermostated a he temp * -° hours 
mixture maintained under magnetic stirring. The internal pressure decreases from 6.4 atm to 4.7 «tm 

PsT" AitTrdistiUation of the unreacted monomers, and polymer stripping under vacuum for 3 hours at 150'C. 1 ,100 
mg of polymer are recovered, which appears as a transparent and colourless rubber. 
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[0137] By «F-NMR analysis of the polymer dissolved under heating in C 6 F S it is determined that the MOVE 1 molar 

percentage in the polymer is 24%. »i.„>,i„-t=H 
[0138] The IR analysis does not show, in the polymer spectrum, absorption bands in the zone of the fluonnated 
double bonds, and shows the presence of very small absorption bands in the zone of the camoxyl signals. , he .ntensity 
s of these signals, compared with the similar ones obtained from a film having the same thickness obta.ned w.th the 
polymer of the comparative Example 1 . is equal to about 1/1 0 of these latter. 

[0139] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous, i ne i g 

determined by DSC is -21 .4°C. »k-^,»ik, 
[0140] The TGA shows a weight loss of 2% at 450°C and of 1 0% at 477»C. The potymer therefore results thermally 
10 more stable (see the comparative Example hereunder) with respect to the comparative Example (see afterwards). 
[0141] The polymer intrinsic viscosity measured at 30°C in Fluorinert® FC-75, is 35.5 ml/g. 

EXAMPLE 11 

15 Amorphous copolymer between MOVE 1 and TFE. 

r0142] In an AISI-31 6 polymerization reactor identical to that described in the previous Example 1 0, 250 ul of per- 
fluoropropionylperoxide at 3% by weight in CFCI 2 CF 2 CL 9.75 mmoles of MOVE 1 and 9 mmoles of tetrafluoroethylene 
are in sequence introduced. 

?o [0143] The procedure already described in the previous Example 10 is followed until the thermostating step at the / 
temperature of 30°C under magnetic stirring. During the reaction the internal pressure decreases from 3.4 atm to 2.9 

atm in about 8 hours. _ no - f . 

[0144] At the end the unreacted monomers are distilled and the polymer is stripped under vacuum at 150 c tor 3 

hours. 

25 [0145] 480 mg of the polymer are separated. KAr wtc 1 i 

[01 46] By 19 F-NMR analysis of the polymer dissolved under heating in C 6 F 6 it is determined that the MOVE 1 molar 

percentage in the polymer is 39%. 

[0147] The IR analysis shows that, in the polymer spectrum, absorption bands in the zone of the fluonnated douDie 

bonds are absent. T 
30 [0148] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. I ne i g 

determined by DSC is -29.8°C. 

[0149] The TGA shows a weight loss of 10% at 435°C. 
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EXAMPLE 12 

Amorphous copolymer between MOVE 1 and CF?=CH 2 

[0150] in a polymerization reactor identical to that described in Example 10. 250 ul of perfluoropropionylperoxide at 
3% by weight in CFCUCF 2 CI. 1 0 mmoles of MOVE 1 and 1 8 mmoles of VDF are in sequence introduced. 
[0151] The procedure already described in the previous Example 10 is followed until the thermostating step at the 
temperature of 30°C under magnetic stirring. The internal pressure decreases from 6.8 atm to 5.0 atm during the 
reaction (about 8 hours). 

[0152] After distillation of the unreacted monomers, and subsequent polymer stripping under vacuum at 150 « tor 

3 hours 1 600 mg of the polymer are separated, appearing as a transparent and colourless rubber. 

[01 53] By the 19 F-NMR analysis carried out on the polymer dissolved in C 6 F 6 it is determined that the MOVE 1 molar 

percentage in the polymer is 40%. t 

[0154] The DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. . he I g 

determined by DSC, is -47°C. 

[0155] The TGA shows a weight loss of 2% at 428°C and of 10% at 455°C. 
EXAMPLE 13 

Amorphous terpolymer MOVE 2/MOVE 2a/TFE. 

[0156] in a polymerization reactor identical to that described in Example 10, 100 ul of perfluoropropionylperoxide at 
6% by weight in CFCI 2 CF 2 CI. 10 mmoles of a MOVE 2 (83%) and MOVE 2a (17%) mixture sinthetized according to 
the process of Example 5, and 18 mmoles of tetrafluoroethylene (TFE) are in sequence introduced. 
[01 57] The procedure already described in the previous Example 1 0 is then followed until thermostating at the tern- 
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perature of 30°C under magnetic stirring. The internal pressure decreases from 6.1 atm to 3.9 atm during the reaction 
[o?58] 8 Afterdistiilation o, the unreacted monomers and poiymer stripping under vacuum at 1 50»C for 3 hours. 1.131 

m^^^^SL carried out on the po.ymer dissolved in C 6 F 6 it resuits that the total molar percentage 
of the MOVE 2 + MOVE 2a perfluorovinylethers in the polymer is 22%; the MOVE 2/MOVE 2a ratio by mo.es ,n the 
polymer is 83/17 and it is equal to that of the starting fed mixture. 

r0160] The presence of unreacted monomers is not evident. finorinated 
0161 The °R analysis does not show, in the polymer spectrum, absorption bands .n he zone * *e Juonn ated 
double bonds, and it shows the presence of very small absorption bands in the zone o ' ^^^J^ 
intensity of these signals, compared with the similar ones obtained from a film having the same th.ckness obtained 
with the polymer of the comparative Example 1 , is equal to about 1 /1 0 of the latter. amnm hni« TheT 

pi 62] The DSC graph does not show any melting endothermic curve, wherefore the polymer ,s amorphous. The T g 
determined by DSC, is -37.5°C. 

[01631 The TGA shows a weight loss of 10% at 473°C. 

[0164] The polymer intrinsic viscosity measured at 30«C in Fluorinert® FC-75. is 40.0 ml/g. 
EXAMPLE 14 

Amorphous terpolymer MOVE 2/MOVE 2a/TFE. 

[0165] in a polymerization reactor identical to that described in Example 10, 100 m of perfluoropropionyfperoxide at 
6% by weight P inCFC. 2 CF 2 CI. 9.7 mrno.es of the MOVE 2 (83%) and MOVE 2a (17%) m.xture ^ iet,zed according 
to the process of Example 5. and 10 mmoles of tetrafluoroethylene (TFE) are m sequence introduced. 
0166, P The procedure'already described in the previous Example 1 0 is then followed until the hernial ,ng *e P a 
[he temperature of 30«C under magnetic stirring. The internal pressure decreases from 3.6 atm to 2.7 atm dunng 

;0167] On XnTdiSon ofTeunreacted monomers and polymer stripping under vacuum at 150»C for 3 hours 652 

[0l68] P °Byth^ carried out on the polymer dissolved in C 6 F 6 it results that the 

of the MOVE 2 + MOVE 2a perfluorovinylethers in the polymer is 37%; the MOVE 2/MOVE 2a molar rat.o ,n the polymer 
is 83/17 and it is equal to that of the starting fed mixture. 

[0169] The presence of unreacted monomers is not evident. finorinated 
[0170] The IR analysis does not show, in the polymer spectrum, absorption bands ,n the zone of the fluonnated 

foT 7 b 1] b °The S DSC graph does not show any melting endothermic curve, wherefore the polymer is amorphous. The T g 
determined by DSC, is -44.5°C. 

[0172] The TGA shows a weight loss of 10% at 451 °C. 

[0173] The polymer intrinsic viscosity measured at 30°C in Fluorinert® FC-75, is 1 6.7 ml/g. 
EXAMPLE 15 

Amorphous copolymer between pertluoro-1 .2-dihvdro-3.5.8-tri oxa -1 -non ene ( H-MOV F 2) and pertluoro-1 .2-dihvdro- 
3.5.7-trioxa-6-methyl-1-octene (H-MOVE 2a) with molar ratio 88/12. 

[0174] In a reactor identical to that described in Example 7. 200 ul of perfluoropropionylperoxide at 3% by weight in 
CFCI 2 -CF 2 CI and 3.1 g of a H-MOVE 2/H-MOVE 2a 88/12 mixture are introduced. 

r0175] The procedure described in Example 7 is followed. .h^^om 
[0176] The recovered reaction raw materia, appears as a s.ightly viscous, transparent, co.our.ess and homogeneous 

[OITtT After distillation of the unreacted monomer and subsequent stripping under vacuum at 1 50*C for 3 hours, 1 20 
wT^^W^ MM d polymer shows that, in the polymer spectrum, absorption bands in the zone 
of the fluorinated double bonds are absent. H-MOVE 
[0179] The ,9 F-NMR analysis is in accordance with the copolymer structure having a content of monomers * MOVt 
2 and H-MOVE 2a equal to the H-MOVE 2 and H-MOVE 2a percentages in the react.ng m.xture. .he analysis does 
not show the presence of unreacted monomers. ■, .~ m h«i« The 

[0180] The DSC graph does not show any melting endothermic cutve, whereiore the polymer is amorphous. , 
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P olymerT g dete^ 
EXAMPLE 16 

Terpolymer H-MQVE 2/H-MOVE 2a/TFE. 
ylene. are introduced. 

mg of the polymer are separated. K „ Qtir ,„ ln r p it i* calculated that the molar percentage 

[0185] By 19 F-NMR analysis of the polymer dissolved under heating in C S F B it is calcu ated mat i £ 

£i? "llR analysis does not show in the polymer spectrum, absorpt.on bands in the zone of the f.uorinated 
20 ' Th'eDSC graph does not show any melting endothermic cu.e wherefore the polymer is amorphous. The 7 g ^ 

determined by DSC : is -44.5 9 C. 

[0188] The TGA shows a weight loss of 10% at 450°C. 
25 EXAMPLE 1 (comparative) 
Copolymer PVE/TFE. 

sir '=r^ 

of 30°C under magnetic stirring. The reaction time is of eight hours. 

[0191] After distillation of the unreacted monomers and stripping unoer vacuum -t 150 C for 3 nours. mg 

polymer are recoverd. ralculated that the PVE molar 

35 [0192] By the 19F-NMR analysis carried out on the polymer dissolved in C S F 5 it is calculated 

and having the same thickness. , , ho nnh/mpr is amorphous. The 

,c [0194] The DSC graph does not show any melting endothermic curve, wnerefore ^^^^ 
TGA shows a weight loss of 2% at 427»C and of 1 0% a, 463°C. The ^term.neo by DSu ,s + 1 5 C. 
[0195] The polymer intrinsic viscosity, measured at 30°C in Fluorinert® FC-75, is 51 ml/g. 

EXAMPLE 2 (comparative) 

Copolymer between B-PDE (CF, OCFXF,OCF=CF 9 )/TFE. 

[01961 in a polymerization reactor identical to that described in Example 10, 250 u. of P erfluoro P ropion ^ n ^' Q c e e J 
£3 1 niSTcFCI 1 0 mmoles of B-PDE and 1 8 mmoles of tetrafluoroethylene, are in sequence introduced. 

mi^T ^e^NMRaSsis earned out on the po.ymer purified from the monomers by the processes described 
n the prevlus Examples it is calculated that the molar percentage of B-PDE in the po.ymer « 23%. 
[01 99]' T^ DSC g'aph does not show any melting endothermic curve wherefore the polymer ,s amorphous. The T g , 

" ^^Tg^ii^S-ly ^er than those obtainable with the viny.ethers of the invention (see the above 
Examples). 
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EXAMPLE 3 (comparative) 
Crystalline copolymer PVE/TFE (PFA) 



L-POE » « a aopo,»™r raving MFI «J-J» ^ mie „ slty « double of ,ha, oKainad 
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Claims 

1 . Fluorovinylethers having the following formula: 

0) 

75 CFX=CXOCF 2 OR 

„„.„,„ R » a C 2 -C 6 .inean, n-annnnd 0, 0,-C, <^'«^ 
oxv^ g -p=nn. al n ; n S ^ 
20 defined it can contain from 1 to 2 atoms, equd. 

Br, l; X = F ; H. 

2. Fluorovinylethers according to claim 1 , having the formula: 

(10 

25 CFX=CXOCF 2 OCF 2 CF 2 Y 

wherein Y = F, OCF 3 ; X as above defined. 
30 3 . Fluorovinylethers according to cla.ms 1 and 2. having the formula: 

(HI) 

CF 2 =CFOCF 2 OCF 2 CF 2 Y 

3$ wherein Y is as above defined. 

4. A fiuorovmylether according to claims from 1 to 3, having the formula: 

0 V ) 

CF 2 =CFOCF 2 OCF 2 CF 3 

, Hn m »pn„ me . and p*™» — . » PP~ ,ne - -ma - - a, ,e«, ann.ne, 

polymerizable monomer. 

or oxygen. 
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, C=poVm.» acco,din 9 =0 «*. Wn 5 ,0 7. » _ « — — « 
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^^(^on-fcyM^-. (PAVE), wherein R 2 | is a Cl -C 6 (per)f.uoroalky.. Preferably trifluor- 

omethyl, bromodifluoromethyl or heptafluoropropyl; nwa iio,i or a C -C „ 

- CF,=CFOXa (per)fluoro-oxyalkylvinylethers, wherein X- is: a C,-C 12 alkyl, or a C n -C 18 oxyalkyl. or a c, C 12 
(per) fluorooxyalkyl having one or more ether groups, preferably perfl U oro-2-pro P o^- P ropyl 

- sulphonic monomers having the structure CF^CFOX^F, where.n X* = CF 2 CF 2 , CF 2 CF 2 CF 2 , CF 2 CF 
(CF 2 X C ) wherein X c = F, CI, Br. 

9 Polymers according to claims from 5 to 8, wherein the (per)f luoro polymers are p.astomeric ones since they contain 
an amount of vinylether of claims 1-4 which lead to the formation of crystall.ne zones. 

1 o. Polymers according to claims from 5 to 8. wherein the (per)f luoro polymers 

an amount of vinylether of claims 1-4 to obtain amorphous polymers. ,.e. such as to lead to the disappearance 
the crystalline zones. 

11. Polymers according to claim 10. wherein the amount of vinylether of claims 1-4 is in the range from about 15 to 
20% by moles. 

12 A synthesis process of the (per)fluorovinylethers of Cairns 1-4, comprising the initial react ^f**^^ 
a fluorinated olefin having the formula R 1 R 2 C=CR 3 R 4 to give the intermedia e hypofl or,e ^ R i^^ 
OCF,OF the subsequent reaction of this compound with a second fluonnated olef.n of formula R 5 R 6 C -C )R 7 R 8 to 
give he intermediate F-CR 1 R 2 -CR 3 R A -OCF 2 0-CR 5 R 6 -CR 7 R 8 -F, which by subsequent de a ogenat.on or dehy- 
drohalogenation leads to the obtainment of the new perfluorovinylethers, according to the scheme. 

a) CF 2 (OF) 2 + R 1 R 2 C=CR 3 R 4 F-CR, R 2 -CR 3 R 4 -OCF 2 OF (VI) 

b) F-CR 1 R 2 -CR 3 R 4 -OCF 2 OF + R 5 R 6 C 2 =C 1 R 7 R 8 - F-CR, R 2 -CR 3 R 4 -OCF 2 0-C 2 R 5 R s -C R 7 R 8 -F (VII) 

(VII) 



C ) F - CR,R 2 - CR 3 R, -OCF 2 0 - C 2 R S R 5 - C^R, - F 
CFX = CXOC?,OR (I) 



dehalogen . / 

> 

/dehydrohalogen . 



wherein: 

in the compound (VII) : 



R R eaual or different are H F: R 2 . R 3 . equal or different are H, CI under the following conditions: (1) 
whan theSL^onTs adeha.ogenation R 2 , R 3 = C (2) when the final reaction is adehydroha.ogenat.on 
one of the two substituents R 2 , R 3 is H and the other is CI; 
R 5 : Re: R 7> R 8 are : 

F. or one of them is a C n -C 4 linear or branched perfluoroa.kyl group or a J^^f 3 :^^"^;^ 
fluorooxyalkyl group containing from one to three oxygen atoms, or R 5 and R 7 , or R 6 and R 8 , are 
each other to form with C* and C 1 a C 5 -C 6 cycle perfluoroalkyl group; branche d 
when one of the R 5 to R 8 radicals is a C 2 -C 4 linear or branched fluoroalkyK or a C£C, J.n«ar or omcmd 
fluorooxyalkyl group containing from one to three oxygen atoms, one or two of other R^ tc , R are F 
and one or two of the remainders, equal to or different from each other, are se.ected ,rom H, CI. Br, Iodine 
when the substituents selected from H, C, Br, .odine are two, they are both linked 
atom; when R 5 and R 7 . or R 6 and R 8 , are linked each other to form w.th C* and C 1 a C5-C cycle f.uo oa Ik I 
group, one of the two free substituents R s , R 8 or R 5 , R 7 is F and the other >s selected from H, CI, Br, lod.ne. 



18 



EP 1 148 041 A2 

- the fluoroalkene used in the reaction a) is replaceable with that of the subsequent reaction b); in this case the 
meanings defined for the substituents of the R,-R 4 group, and respectively of the R 5 -R 8 group, are inter- 
changeable each other, with the proviso that the position of each radical of each of the two groups R r R 4 and 
R,-R. with respect to -OCF 2 0- on the chain of the intermediate compound (VII), is the same which .s occupied 
if the synthesis takes place according to the above reported scheme and the two olefins eacn react in the 
considered steps. 

13 A process according to claim 12. wherein in step a) the reactants are in an approximately unitary molar ratio, or 
' with an excess of CF 2 (OF) 2 the residence time of the mixture in the reactor ranges from few hundredths of second 

up to about 120 seconds, the reaction temperature from -40 to -150°C and the compound (VI) is not separated 
and is transferred in a continuous way into the reaction of step b). 

14 A process according to claims 12 and 13, wherein in the step b) the R 5 R 6 C=CR 7 R 8 olefin at a pure state or in 
' solution reacts with the product obtained in the first reaction with formation of the compound (VII); the olefin is fed 

in a continuous way. so as to maintain its concentration constant in the reactor: the temperature of the reaction b) 
can range from -50° to - 130°C. preferably from -20° to -100°C, the olefin concentration is higher than or equal to 
0.01 M, preferably the concentration is higher than 3M, more preferably also the pure compound can be used. 

15 A process according to claiams 12 and 14. wherein in the step c) the compound (VII), dependently on the olefins 
used in steps a) and b), after distillation from the reaction raw material, is subjected to dechlorination or to dehy- 
drochlorination to obtain the vinylethers of formula (I). 

16 A synthesis process of the (per)fluorovinylethers according to claims 12-15, wherein the compound (VII) is obtain- 
able by reaction of a hypofluorite of formula X 1 X 2 C(OF) 2 wherein X, and X 2 equal or different are F CF 3 , and two 
fluoroalkenes of formula respectively RA 1 ra 2 c=CRA 3 RA 4 and RA 5 RA 6 C=CRA 7 RA 8 , wherein R 1*R 8 equal or dif- 
ferent, are F, H. CI, Br, I, -CF 2 OS0 2 F, -S0 2 F. -COF, C r C 5 linear or branched perfluoroalkyl or oxyperfluoroalkyl 
group. 
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